INTRODUCTION
The genus squill (Scilla L.) of the family Hyacinthaceae numbers 50 species spread across Eurasia and southern Africa. Its plants produce an oval or spherical bulb from which basal leaves grow. Flowers are borne singly or are clustered in racemes. Pink, violet, blue, or white coloured tepals are single-veined and are borne in 2 whorls with 3 tepals in each. 6 stamens and one three-chambered pistil with septal nectaries are located in the flowers. The fruit is a capsule (S z a f e r et al. 1969 ; W a t s o n and D a l l w i t z , 1992; P f o ss e r and S p e t a , 1999).
An advantage of many representatives of the genus Scilla is the early flowering time. Due to their colourful and original flowers, the species and varieties of this genus are recommended for cultivation in rock gardens as well as for group plantings under shrubs and on lawns. The most known species that is recommended for cultivation is Scilla sibirica (K r a u s e , 1987, 1992; M a r c i n k o w s k i , 1991; O s v a l d , 1992). Nearly all species are suitable for accelerated indoor cultivation (S z l a c h e t k a , 1993). In Poland Scilla bifolia is a species that is found in natural plant communities of the Eastern Carpathians (S t r u m i ł -ł o , 1883; T y n i e c k i , 1912; S z a f e r et al. 1969; M i r e k et al. 2002) , while Scilla sibirica is grown as an ornamental garden plant, which sometimes runs wild (M i r e k et al. 2002) .
The above mentioned species are not only ornamental plants, but they are also forage plants for pollinating insects, providing to them nectar and pollen. The flowers of Scilla bifolia are readily visited by the honey bee (Apis mellifera L.), which is noted by many authors (J a b ł o ń s k i , 1978, 1986; P i e t k o v , 1979; L i p i ń s k i , 1982; W a r a k o m s k a , 1987). According to K u l i j e v (1952) and R u s z k o ws k i (1969, 1971) , Scilla sibirica is considered to be an important forage plant for the bumblebee (Bombus L.). The mason bee (Osmia Pz.) and the hairy-footed flower bee (Anthophora L.) gather pollen from the flowers of this species (R u s z k o w s k i , 1966, 1971; R u s z k o w s k i and Ż a k , 1969; R u s z k o w s k i and B i l i ń s k i , 1986). Early spring forage plants are of great importance for the proper development of bee colonies (J a b ł o ń s k i , 1978, 1986; L i p i ń s k i 1982), hence squill, which blooms during the period of March and April, can have not only the ornamental value, but also the apicultural one.
The aim of the present study was to determine the flowering rate and the rate of visitation to three taxa of the genus Scilla L. by pollinating insects.
MATERIALS AND METHODS
Two species were covered by our observations: Siberian squill (Scilla sibirica Andr.) and Alpine squill (Scilla bifolia L.), but also a white flowering variety of Siberian squill -'Alba' (Scilla sibirica 'Alba'). The studied plants were cultivated in the Botanical Garden of the Maria Curie-Skłodowska University in Lublin. Scilla bifolia L. specimens were growing on the slopes and at the bottom of a gully, forming the ground cover of an old park. The plants of the genus Scilla sibirica Andr. covered the surface of lawns and under shrubs, whereas the plants of the variety Scilla sibirica 'Alba' were growing in a small clearing in a rock garden. The plants under study required no tending. Mineral and organic fertilization was not applied, either. The soil in all study sites was compact and clayey, developed on loess substrate with a pH of 6-7. The perennials were not protected for winter.
The seasonal flowering rate of Scilla sibirica Andr., that is, the number of opening flowers per unit area in successive days of the flowering period, was investigated in the years 1995 and 1997. To this end, 4 plots were marked out, each with an area of 50 x 50 cm, which was 1 m 2 in total. Within this designated area, every day at 6.00 pm the flowers that had opened during the day were counted and removed, from the beginning to the end of flowering. The sum of flowers from the total area of 1m 2 formed the basis for the calculation of the percentage assigned to each day of the flowering period of the plants.
Seasonal observations of flower visitation by pollinating insects were conducted in the same plots. For this purpose, every day at 2.00 pm, that is, during the time of the greatest density of insects on the plants, honey bee foragers foraging on the flowers were counted. The sum of insects counted was the basis for the calculation of the percentage assigned to each day of the flowering period of the plants.
The daily rate of flower opening was determined by counting freshly opened buds every hour (from 8.00 am to 6.00 pm Eastern European Time) for three days during the full bloom stage. At the same time, observations of the daily pattern of flower visitation by the honey bee were carried out.
RESULTS

Flowering.
The squill flowers attracted pollinating insects by the colour of their perianth (violet, sapphire, white) (Figs 1, 2), their characteristic scent, and the nectar that was secreted already in the bud.
The nectar-secreting tissue in the flowers of Scilla is located in three septal nectaries; the secretion exuded outside the pistil accumulated in the spaces between the ovary and the staminal filaments. After the anthers were empty of pollen, the style of the pistil elongated and changed colour from sapphire to white in the flowers of Scilla sibirica and from violet to white in the flowers of S. bifolia.
The investigated perennials produced from 1 up to 3 inflorescence stems from a bulb, and from several (Scilla sibirica, S. sibirica 'Alba') up to over a dozen (S. bifolia) flowers appeared on these shoots (Fig. 1 , Table 1 ). The duration of flowering in the plants under investigation did not differ significantly in individual taxa.
The plants of Scilla bifolia bloomed earliest, at the end of March or in the first days of April (Fig.  3) . Scilla sibirica bloomed after several days, whereas S. sibirica 'Alba' entered the flowering stage latest, thereby extending the early spring source of forage even until the first decade of May. The weather pattern in the spring of a particular year affected the time and duration of flowering of the plants under study.
During flowering of Scilla sibirica, periods of adverse weather conditions occurred every year, with temperature falls down to even -6 o C (Figs 4, 5) . A distinct increase in the number of open flower buds was observed with sunshine duration of 10-12 hours. In general, in 1995 two periods of increased flowering of Scilla sibirica could be observed, on 6 and 15 April. On these days, the total number of flowers opened during the day accounted for ca. 15% of the total number of flowers that bloomed throughout the entire flowering period (Fig. 4) . In 1997 the flowering pattern in the investigated species was even. There were noted regular small increases in the flowering rate, reaching up to ca. 10% of the total number of flowers (Fig. 5) .
Flower opening in all the taxa under study started around 9.00 am (Fig. 6) . Buds of Scilla sibirica 'Alba' and S. bifolia opened up mainly before noon, whereas buds of S. sibirica opened up evenly throughout the whole day. A slight inhibition in the flowering dynamics around 2.00 pm could have resulted from the temporary shading of the plants by high pine trees growing on the southern side of the study area. The inhibition in bud opening occurred earliest in the variety S. sibirica 'Alba', already at 3.00 pm, then in S. bifolia at 4.00 pm, and latest in S. sibirica -at 5.00 pm.
The flower life span in the studied taxa was from 3 to 10 days. The flowers definitely responded to temperature changes in the environment. The perianth closed every day in afternoon hours and opened in the morning around 9.00 am.
Flower visitation by pollinating insects. The seasonal rate of flower visitation by the honey bee, observed in 1995, was correlated positively with the rate of flower opening (Fig. 4) . Low temperature was a factor that particularly reduced flower visitation by insects.
During the day, the flowers of Scilla sibirica were visited regularly by the honey bee from 9.00 am to 4.00 pm (Fig. 6 ). In the morning hours, the insects collected nectar from the flowers that had opened up on the previous day. The bees extracted pollen from not fully open pollen chambers. The colour of pollen loads formed by the bees (the average weight of a pair of pollen loads was 6.5 mg) ranged from dark sapphire to navy blue ( Fig. 2A) . Solitary bees and bumblebees were also observed on the flowers between 11.00 am and 3.00 pm.
The flowers of the variety Scilla sibirica 'Alba' were visited most intensively during late morning hours between 9.00 and 11.00 am (Fig. 6 ). Reduced insect visitation was observed after 12.00 am, which could have resulted from the fact that the site in which the investigated plants were located was shaded by conifers growing on its southern side. Pollen loads produced by the foragers were crème-coloured (Fig. 2B) .
The daily peak of insect visitation to the flowers of Scilla bifolia was at 11.00 am (Fig. 6) . Nectar foragers were observed during morning hours (from 8.00 to 10.00), whereas from 10.00 am bees with pollen loads were noticed (Fig. 2C) . The insects worked with such great energy that the stamen heads frequently became detached from the filaments. Honey bees often made an attempt to open flower buds (Fig. 2C) . The pollen mass, formed into pollen loads, was coloured dark violet by anthocyanins escaping from the damaged tissues of the anthers. In addition to the honey bee, solitary bees were observed foraging on the flowers of S. bifolia between 12.00 am and 3.00 pm. -1995; -1997; -1999 . 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 observation hours % Fig. 6 . The daily flowering rate of the studied plant species.
-number of flowers opening during 1-hour time periods, expressed as a percentage of all flowers opened during the whole day, -number of honey bee foragers observed during 1-hour time periods, expressed as a percentage of all foragers observed on a particular day.
DISCUSSION
The observed duration of flowering of the squill taxa under study, reaching from 16 up to 24 days, was higher than that reported by P i e t k o v a (1979), which was from 15 to 20 days.
The seasonal rate of honey bee visitation was affected to the greatest extent by weather conditions, primarily temperature. Although worker bees leave the hive for their first foraging trip in the spring already at a temperature of 8 o C (P r a b u c k i , 1998), but temperature falls below 10-12 o C clearly reduced the frequency of bee visitation to the flowers.
The weight of a pair of bee pollen loads produced from the pollen of Scilla sibirica, which was 6.5 mg, accounted for a half of the average weight of pollen loads, estimated by L i p i ń s k i (1982) at 12 mg. The navy blue-violet colour of the pollen loads produced by the bees from the pollen of Scilla sibirica was darker than that reported by H o d g e s (1952) who described the colour of Scilla pollen as navy bluegrey. The observations of a wide range of colours of the pollen of Scilla sibirica and Scilla bifolia were consistent with the opinion of L i p i ń s k i (1982) who noted that pollen loads from the same plant could differ in their colour, depending on whether a bee gathered pollen from open anthers or extracted it from still immature pollen chambers. Our own observations confirm the fact that honey bees bite through anthers, which is described by L i p i ń s k i (1982) .
Additionally, the observed attempts of insects to open flower buds indicate the great value of Scilla pollen for the Apidae during the early spring period. The fact that pollen food containing protein is consumed quickly by a bee colony in order to raise larvae in early spring would explain why in the literature there is no data on the presence of squill pollen in bee bread stored in hives. The pollen grains of Scilla bifolia observed in the pollen spectrum of willow honey, analysed by W a r a k o m s k a (1987), confirm the attractiveness of this plant to the honey bee, which is also in agreement with what is reported by P i e t k o v (1979) who described numerous visits to the flowers of S. bifolia by nectar and pollen foragers. A similar opinion is expressed by K u l i j e v (1952) who found intensive foraging on various species of Scilla L., among others, S. sibirica. Our observations of bumblebees and wildliving bees foraging on the squill flowers are confirmed by other authors (R u s z k o w s k i , 1966, 1971; R u s z k o w s k i and Ż a k , 1969; R u s z k o w s k i and B i l i ń s k i , 1986).
Squill found excellent conditions for growth and development on the lawns under the wide-spreading crowns of deciduous trees, which is in agreement with the cultivation recommendations of K r a u s e (1987, 1992) and O s v a l d (1992) . The plants self-propagated from adventitious bulbs, but they also propagated generatively through seeds.
